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@ Rotational deviation detecting method and system using a periodic pattern. 



(g) A deviation detecting system for detecting a 
rotational deviation (Wz) of an object (1), in- 
cludes a pattem (2) formed on the object and 
having a periodicity, a light source for providing 
light (3), a detecting device for projecting the 
light from the light source onto the pattem and 
for detecting at least two diffracted beams 
(5",6') from the pattem in a predetermined de- 
tection plane (IP), and a determining device for 
determining a rotational deviation of the object 
about a predetermined axis (Z). on the basis of 
the positk>ns of incidence of the diffracted 
beams upon the detection plane as detected 
through the detectton by the detecting device. 
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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a positional deviation detecting nnethod and a positional deviation detecting sys- 
tem using the same. More particularly, the invention is concerned with a rotational deviation detecting method 
5 and system suitably usable, for example, in a microscope sample table for detecting a rotational deviation of 
a sample to be inspected, an electron beam drawing apparatus for hologram setting, an exposure apparatus, 
a registration evaluating apparatus, a rotary encoder or a yawing detecting device, wherein diffraction light 
from a diffraction grating provided on an article to be examined is used to detect a rotational deviation of the 
article. 

10 In another aspect the invention is concerned with a positional deviation detecting method and a positional 

deviation detecting system using the same, suitably usable in a semiconductor device manufacturing exposure 
apparatus, for measuring registration precision (i.e. positional deviation) of a printed pattern (such as fine elec- 
tronic circuit pattern) of a mask or reticle (first object), being printed on a wafer (second object) through litho- 
graphic exposure. 

15 Many proposals have been made on such a structure wherein an article to be examined is placed on a 

sample table of a microscope, and wherein a rotational deviation of the sample table with respect to the direction 
of advancement for successive observation of small regions of the article, for conrectlon of the position of the 
table. In these conventional structures, generally the correction of rotational deviation is done on the basis of 
observation of patters provided at opposite ends with respect to the advancement direction of the article. 

20 Japanese Laid-Open Patent Application, Laid-Open No. 77273/1988 discloses a system for detecting a 
rotational deviation of an article on the basis is image processing to a predetermined pattern. Japanese Laid- 
Open Patent Application, Laid-Open No. 66926/1986 discloses a rotary encoder for detecting a rotational de- 
viation of an article at high precision. 

There is a first example of known methods for measuring a positional deviation of an article to be examined, 

25 wherein patterns are printed on the article and wherein mutual deviation of the patterns is measured by using 
a pattern linewidth measuring device. 

There is a second example of known methods (vernier type) wherein gratings of different pitches are print- 
ed upon an integrated circuit pattern and wherein the overlapped portions of the gratings are read out A third 
known method is that elongating resistors and electrodes are formed superposedly on an integrated circuit, 

30 and resistances of them are compared with each other. 

A fourth known method is disclosed in Japanese Laid-Open Patent Applicatk>n, Laid-Open No. 
212002/1 992. filed in the name of the assignee of the subject application, wherein diffraction gratings are print- 
ed on an integrated circuit, and deviation of patterns is measured on the basis of a phase difference of dif- 
fraction lights. 

35 The fourth method will be explained below in detail. 

Figure 1 is a schematic view for explaining the principle of detection of a positional deviation detecting sys- 
tem proposed in aforementioned Japanese Laid-Open Patent Application, Laid-Open No. 2120002/1992. 

In Rgure 1, two adjacent straight gratings A' and B' of the same spacing are formed on the same plane, 
i.e., the surface of an object. Here, each of the two gratings has the same pitch P', and there is a deviation 
40 (AX = Xb'-Xa') in the direction of arrow (X direction) between these gratings. 

One of the gratings is denoted by A' and the other is denoted by B', wherein and Xb' are deviations in 
the X direction of the gratings A' and B', respectively, from the same reference position. 

It is assumed that two lights 109 and 110 having slightly different frequencies Wfi and W|2' respectively, 
and having initial phases <t>ofi and ct^oc respectively, are projected on the gratings A' and B*. Here, the complex 
45 amplitudes Efi and Eq of the two lights 1 09 and 110 are expressed as follows: 

Efi = Aoexp{i(Wf,t + *ofi)} (1) 
Eri = Boexp{i(Wct + 4>of2)} (2) 
The two lights 109 and 110 as such are projected on the whole surfaces of the two gratings. 

For example, the light 109 is projected from the left while the light 110 is projected from the right, both at 
50 the same incidence angle (same absolute value). Here, positive first order lights from the gratings A' and B7 
resulting from the light 1 09 are denoted by 111 and 112, respectively, while negative first order diffraction lights 
from the gratings A* and B* resulting from the light 110 are denoted by 113 and 114, respectively. 

Taking the complex amplitudes of the lights 111, 113. 112 and 114 as E'afi('*'1). E'af2('1)* ^'Bn{*V ^nd 
EW-I)* they can be expressed as follows: 
» E'afi( + 1) = A,iexp{i(w„t + <t>ofi + *a)} (3) 

- 1 ) = Acexp{i(wtet + <t>of2 + M) (4) 
E'Bfi( + 1) = Briexp{i(Wftt + *ofi + 4>b')} (5) 
E-Bi2( - 1 ) = BcexpfKwet + ♦oc ♦ *b')} (6) 
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Here, <t>A =2?cXa'/P and <|>b -27iXbVP. and they are the positional deviations of the gratings A' and B\ respectively, 
with respect to the X direction, as represented in terms of phase quantity. 

If the diffraction lights 111 and 113 from the grating A' interfere with each other and if the diffraction lights 
112 and 114 fronn the grating B' interfere with each other, then there occur interference light intensity changes 
5 Ia and Ib expressed as follows; 

A^^j^+A^f 2+2Af ^Af 2 •cos{21C( f I )"t 
*<<^of2-<^ofl)-20A'> -..(7) 

+ (0of2-<*ofl>-2(zJB'> ...(8) 

20 

Where fi=WflA2n and f2=Wc/2n, while A^ a+A^c and B^n+B^n are DC components and 2AnAc2 and ZBflBe are 
amplitudes. Equations (7) and (8) show that signals having a beat frequency component fa-fi have been phase- 
modulated with time by amounts corresponding to the initial phase difference 4ofr4><rfi as well as deviations 
<t)A and 4)B* of the gratings A and B', respectively. 
25 Thus, by taking one of the signals represented by equations (7) and (8) as a reference signal while taking 

the other as a measured signal, and by detecting deviation of them with respect to time, the initial phase of 
the light can be deleted and high precision phase detection can be done (heterodyne interference measure- 
ment). 

Since in the optical heterodyne interference nnethod as described the phase difference between two sig- 
30 nals can be detected in terms of time, the measurement is not affected by any difference in DC component of 
signals or by any change in amplitude of them. 

If as depicted in Figure 2 the difference in time between a reference signal 115 and a measured signal 
116 is denoted by AT, then high precision measurement of phase difference can be done by detecting AT pre- 
cisely by using a lock-in amplif ier, for example. 
35 The thus detected phase difference corresponds to a phase difference A4> representing the deviation AX 

between the gratings and, therefore, the mutual deviation AX of the gratings can be determined by P*x(A<|>/4«). 

Thus, by detecting a deviation AX between a grating pattern printed first time and a grating pattern printed 
second time in accordance with the principle described above, it is possible to detect the alignment precision 
of a semiconductor exposure apparatus, namely, a deviation (misregistration) between actual device patterns 
40 printed first and second times. 

In some rotational deviation detecting devices of known types, patterns at opposite ends with respect to 
the advancement direction of an article to be examined are observed. This requires trial-and-error operations, 
being quite complicated. Also, the method based on image processing necessitates image processing conr>- 
putation with a complicated means. Thus, it is not very suited to high precision detection of a minute rotatk)nal 
45 deviation, particularly, in the point of processing time and precision. 

The method using a rotary encoder requires that the axis of rotation is fixed beforehand. Thus, it is nec- 
essary to accomplish high precision alignment of the rotation axis, for attaining high precision measurement, 
and thus it needs complicated operations. 

Further, in cases where the axis of rotation can not be fixed generally such as a case wherein an evaluation 
50 sample is placed on a sample table or the measurement is to be done in connection with a mask 0 alignment 
system of a semiconductor printing apparatus, this method can not meet it sufficiently. 

Further, according to the first method, of the methods for detecting positional deviation of an article to be 
examined, which method uses a pattern linewidth measuring apparatus, usually only a highest precision of 
about 0.01 micron will be attainable. With the second method (vernier type), at the best, only a precision of 
55 ak>out 0.04 micron will be attainable. 

With the third method based on resistance measurement, high precision is attainable but, on the other 
hand, complicated operation steps are necessary to carry out the nneasurement 

As compared, the forth method meets the problems involved in the first and third methods, and it can be 

3 
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practiced with a relatively low cost. In the fourth method, however, there are cases where, in respect to the 
relationship between patterns (diffraction gratings) 53 and 54 to be measured and projected lights 109 and 
110 onto these patterns, a problem to be described below arises in the point of a change in phase difference 
and the amount of rotation of a wafer 55 along it surface. 

Figures 3 and 4 each illustrates the state in which light is projected on patterns (diffraction gratings) 53 
and 54 to be examined. The distance between centers of the patterns 53 and 54 is denoted by d. and the central 
point of the pattern 53 is denoted by Pi while the central point of the pattern 54 is denoted by P2. The angle 
of incidence of the light upon the patterns 53 and 54 is deviated by Oz as illustrated in Figure 3. 

Here, if the point of intersection between a ray of light 68 impinging on the point P2 and a normal extending 
from the point P^ to this ray is denoted by H and if the light 109 comprises plane wave light, then the positions 
H and Pi are included in the same phase plane. The ray of light 2 impinging on the point Pt is denoted by 67, 
and the ray of light 2 impinging on the point P2 is denoted by 68. If the direction cosine of lights 67 and 68 in 
the advancement direction is denoted by (a, p, y), then: 

= pd (9) 

Also, the ray of light 110 impinging on the point P^ is denoted by 70, and the ray of that light impinging on 
the point P2 is denoted by 71. The complex amplitude representation of first order diffraction light of the light 
67 is: 

Ea'(fi) = Aexp{i(wit + + ^J} (10) 
Similarly, the complex amplitude representations of diff inaction lights of the lights 70, 68 and 71 are: 

EaXf2) = Bexp{i(W2t + <t>2-<l>a)} (11) 
Eb'(fi) = Aexp{i(wit + + <|)b + (27i/X).pd)} (12) 
Eb'(f2) = Bexp{i(W2t + <|>2-*b-(2ic/X)pd)) (13) 
where and ^ are initial phases, and <^a and <^b are phases corresponding to the positional deviation. 
Due to the interference between Ea'(fi) and Ea*(f2)> >t follows that 

la' = I Ea' (f i)+Ea' (f2)|^ 

= A^+B^+2*A*Bcos{(w3^-W2)t+(02-02J'**20Q} 

...(14) 

Due to the Interference between Eb'(f 0 and Eb'(f2). it follows that 

lb' = A2 + 82 + 2 A Bcos{(Wi - W2)t + (4>i - <t>2) + 2*b - 2 (2?iA.) pd) (15) 

From equations (14) and (1 5) it is seen that, as compared with a case where 6z = 0, namely, a case of Y> 
component p = 0 of the direction cosine of the projected lights 67 and 68, in a case where Gz ^ 0 (namely, p ^ 
0), the phase shifts by {Anixypd, 

It follows from this that, if the error corresponding to the deviation between the grating patterns 53 and 
54 is denoted by AX*, it is expressed as: 

AX* = 2pd (16) 
The value corresponding to AX* = 5 nm is, if d = 100 microns: 

A = AXV(2d) 

= 5(nm)/(2 X 100) (microns) 
= 2.5 X 10"^ 



= 90 (deg.)-co6 ^fi 
= 5.1" 



Namely, a change of of 5.1" causes a change of 5 nm in the measured value of the deviation between 
the grating patterns 53 and 54. This means that a relative change of 5.1 " between the detection optical system 
and the wafer 55 corresponding to rotation along the wafer surface plane results in an error of 5 nm. Thus, 

4 
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high precision detection is difficult to accomplish. 

Usually, in an exposure apparatus for manufacture of semiconductor devices, a wafer stage moves a 6- 
Inch or 8-inch wafer. In order to avoid rotation of second order In this movement, complicated monitoring func- 
tion and control is necessary. If the stage movement is provided by using a simple structure, second order 
5 rotation, that is, yawing, will be produced, and it becomes quite difflculttoavoidanerrorof detection of resultant 
deviation. 

Further, it is difficult to avoid detection error to be caused in the grating pattern drawing operation or during 
exposure operation or any other process, due to local rotational deviation of the wafer along it surface. 

10 SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to provide an improved deviation detecting method 
and/or system by which a rotational deviation of an object can be measured very precisely. 

It is another object of the present invention to provide an apparatus with a rotational deviation detecting 
f 5 system, the apparatus being of the type that its performance being able to be affected by a rotation of an object 

In accordance with an aspect of the present invention, there is provided a deviation detecting system for 
detecting a rotational deviation of an object, said system comprising: a pattern formed on the object and having 
a periodicity; a light source for providing light; detecting means for projecting the light from said light source 
onto the pattern and for detecting at least two diffraction lights from the pattern with a predetermined detection 
20 plane; and determining means for determining a rotational deviation of the object with respect to a predeter- 
mined axis, on the basis of the positions of Incidence of the diffraction lights upon the detection plane as de- 
tected through the detection by said detecting means. 

In one preferred form of the Invention in this aspect, the pattern comprises a diffraction grating. 

In one preferred form of the invention in this aspect, the pattern comprises a circuit pattern. 
25 In one preferred form of the Invention in this aspect, said at least two diffraction lights have difference 

diffraction orders. 

In one preferred form of the invention In this aspect, the diffraction orders of said at least two diffraction 
lights have the same absolute value. 

In one preferred form of the invention in this aspect, said light source comprises a laser. 

30 In one preferred form of the invention in this aspect, the system further comprises an optical system pro- 

vided in a path of light from said laser to said detecting means, wherein said optical system serves to image 
a beam waist of said laser on said predetermined detection plane. 

In one preferred form of the invention In this aspect, the system further comprises a rotatable holder for 
holding the object and control means for rotating said holder on the basis of the rotational deviation determined 

35 by said determining means. 

In accordance with another aspect of the present invention, there is provided a deviation detecting system 
for detecting a positional deviation between first and second diffraction gratings provided on an object, said 
system comprising: a rotatable table for holding the object; a light source for providing light; first detecting 
means for projecting the light from said light source onto at least one of the first and second diffraction gratings 

40 and for detecting at least two diffraction lights from said at least one diffraction grating with a predetermined 
detection plane; determining means for determining a rotational deviation of the object with respect to a pre- 
determined axis, on the basis of the positions of incidence of the diffraction lights upon the detection plane 
as detected through the detection by said first detecting means; second detecting means for detecting infor- 
mation related to positional deviation between the first and second diffraction gratings; and control means for 

45 rotating said holder on the basis of the rotational deviation detenmined by said determining means, said control 
means further being operable to subsequently cause said second detecting means to detect information re- 
lated to the positional deviation between the first and second diffraction gratings. . 

In one preferred form of the Invention in this aspect, said second detecting means includes 0) illuminating 
means for projecting first and second lights from said light source onto the first and second diffraction gratings 

so along different directions, (ii) first signal detecting means for detecting a first interference light signal based 
on combination of diffraction light of the first light and diffraction light of the second light, both from the first 
diffraction grating, (ili) second signal detecting means for detecting a second interference light signal based 
on combination of diffraction light of the first light and diffraction light of the second light both from the second 
diffraction grating, (Iv) phase difference detecting means for detecting a phase difference between the first 

55 and second interference signals, and (v) deviatbn detenmlning means for determining a relative positional de- 
viation between the first and second diffraction gratings on the basis of the phase difference detected by said 
phase difference detecting means. 

These and other objects, features and advantages of the present invention will beconne more apparent 
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upon a consideration of the following description of the preferred embodiments of the present invention taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Figure 1 is a schematic view for explaining the principle of detection in a known type positional deviation . 
detecting systent 

Figure 2 is a graph for explaining output signals from light receiving means in a known type positional de- 
viation detecting system. 

10 Figures 3 and 4 are schematic views, respectively, for explaining relationship between diffraction gratings 

and light projected thereon, in a known type positional deviation detecting system. 

Figures 5A and 5B are schematic views, respectively, for explaining a basic concept of a rotational devia- 
tion detecting system according to the present invention. 

Figure 6 is a schematic view of a main portion of a rotational deviation detecting system according to a 
15 first embodiment of the present invention. 

. Figure 7 is a flow chart of the operation of the first embodiment of Figure 6. 

Figures 8, 9 and 10 are graphs, respectively, for explaining the positional relation t)etween a projected 
beam, diffraction gratings and detecting means of the first embodiment. 

Figure 11 is a schematic view of a main portton of a modified form of the first embodiment 
20 Figure 12 is a graph for explaining the positional relation between a projected beam, drffractton gratings 

and detecting means of the Figure 11 example. 

Figures 13 and 14 are schematic views, respectively, for explaining a diffraction grating on a sample. 
Figure 15 is a schematic view of a main portion of a rotational deviation detecting system according to a 
second embodiment of the present invention. 
25 Figure 16 is a schematic view of a main portion of a rotational deviation detecting system according to a 

third embodiment of the present invention. 

Figure 17 is a flow chart of the operation of the third embodiment of Figure 16. 
Figures 18 and 19 are schematic views, respectively, of examples of integrated circuit 
Figures 20 and 21 are schematic views, respectively, for explaining the structure of a light position sensor. 
30 Figure 22 is a schematic view of a main portion of a rotational deviation detecting system according to a 

fourth embodiment of the present invention. 

Figure 23 is a sectional view of the fourth embodiment of Figure 22. 

Figure 24 is a flow chart of the operatk>n of the fourth embodiment of Figure 22. 

Figure 25 is a schematic view of a main-portion of a rotational deviation detecting system according to a 
35 fifth embodiment of the present invention. 

Figure 26 is an enlarged view of a hologram used in the Figure 21 example. 
Figure 27 is a schematic view for explaining Fourier transformation hologram. 

Figure 28 is a schematic view of a main portion of a rotational deviation detecting system according to a 
sixth emt>odiment of the present invention. 
40 Figure 29 is a schematic view of a hologram used in the sixth embodiment of Figure 28. 

Figure 30 is a schematic view of a cell used In the sixth embodiment of Rgure 28. 

Figure 31 is a schernatic view of a main portion of a rotational deviation detecting system according to a 
seventh embodiment of the present invention. 

Figure 32 is a fragmentary enlarged view of a portion of Figure 31 . 
45 Figure 33 is a schematic view for explaining a portion of Figure 31 . 

Figure 34 is a schematic view for explaining a portion of Figure 33. 

Figure 35 is a schematic view for explaining a portion of Figure 31 . 

Figure 36 is an enlarged view of a portion of Figure 35. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 5 is a schematic view for explaining the basic concept of a rotational deviation detecting system of 
the present invention, for detecting information about a rotational deviation. 

Denoted at 1 in the drawing is an object which is going to be examined for detectton of rotational deviation 
55 information. 

In Figure 5, a light beam 3 from light source means (not shown) is projected on a diffraction grating 2 pro- 
vided on an object 1. In response, the diffraction grating 2 produces zeroth order diffraction light 4. n-th order 
diffraction light 5 and negative n-th order diffraction tight 6 and so on. 

6 
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Now, a coordinate system such as shown In Figure 5 Is defined, wherein the direction of a normal to the 
diffraction grating 2 of the object 1 is denoted by Z, the angle of rotational deviation with respect to the 2 axis 
is denoted by Wj. a reference direction with respect to which the rotational deviation is taken is denoted by X, 
and a direction perpendicular to both of these directions is denoted by Y. 
5 The diffraction grating 2 comprises straight grating elements of regular pitch, the direction of pitch lying 

along the X direction and the plane of incidence lying along the Y-Z plane, while In this state the light beam 3 
is projected onto the diffraction grating 2. Of diffraction light from the diffraction grating 2, zeroth order dif- 
f ractbn light 4 is being regularly reflected along the Y-Z plane symmetrically with respect to the Z axis. 

Now, an imaginary plane IP spaced by a predetermined distance Lf rom the center of the diffraction grating 
10 2 and being perpendicular to the zeroth order diffraction light 4, is considered. This plane may usually be used 
as a detection plane. Point denoted at 7 is taken as the central point of incidence of the zeroth order diffraction 
light upon the Imaginary plane IP. It follows that n-th order diffraction light 5 and negative n-th order diffraction 
light 6, being diffracted by the diffraction grating 2, are incident at positions 8 and 9 on the imaginary plane 
IP, spaced by the same distance R from the center 7 of Incidence of the zeroth order diffraction light 4 and 
1$ .being symmetrical with each other with respect to the center 7. 

If there is no rotational deviation, that is, if Wz = 0, the straight line connecting the points 8 and 9 is parallel 
to the reference direction X. A reference direction may of course be determined beforehand. If the object 1 has 
a rotational deviation w^, on the other hand, the diffraction lights 5 and 6 change into diffraction lights 5* and 
6' in accordance with (or in proportion to) its rotational angle, and they shift rotationally about the center of 
20 the incidence point 7 of the zeroth order diffraction light 4. Thus, the lights 5* and 6* come to the positions de- 
noted by 8' and 9\ respectively. 

If the rotational deviation w^ is not very large, the movement direction Is orthogonal to a direction connect- 
ing the zeroth order diffraction light 4 and the diffraction light 5 (6) In the reference state. If the movement 
amounts are denoted by Sn and S. ni then the deviation is expressed by: 
25 Wz = (Sn-S. „)/(2R) (17) 

Here, the movement amounts Sn and S.p are displaceable In opposite directions in response to the rota- 
tional deviation. If the distance R is made large and If the movement amounts Sn and S. n are measured with 
high resolution, only a small rotational deviation Wz of the object 1 can t>e detected. 

If the pitch of the diffraction grating 2 is denoted by P. then the relations such as below: 
30 Psine* = nX (18) 

tan0' « R/L (19) 

are establisheid in accordance with the principle of diff ractton of a diffraction grating. 
From equations (1 8) and (1 9), it follows that 

^ R = Ltane- 

= Ltan{sin"^{nA/P)) ...(20) 

40 Thus. R can be set as desired in accordance with the distance L to the evaluation plane, the illumination wa- 
velength X, the diff ractk)n order n and the diffraction grating pitch P. 

On the other hand, any effect of motion of the object 1 other than the rotational deviation w^ is canceled 
in the manner to be described later, and it does not result in a detection error. First, a positional deviation of 
the object 1 with respect to the X. Y and Z axes will now be described. 

45 

Case A: A case where the object 1 deviates in the X direction by x': 

If the range of illumination of the diffraction grating 2 by the projected beam 3 with respect to the X direction 
is smaller than the diffraction grating 2, the incidence positions 8 and 9 of the diffraction beams 5 and 6 are 
so unchanged. If the range of illumination is larger than the diffraction grating 2, the points of Incidence of the 
diffraction beams 6 and 6 shift in the X direction by the same distance. Since it is in a direction perpendicular 
to the direction for detection of rotational deviation w^, such shift does not lead to an error of rotational deviation 
detection. 

Case B: A case where the object 1 deviates in the Y axis direction by y*: 

If the range of illumination of the diffraction grating 2 by the projected beam 3 with respect to the Y direction 
is smaller than the diffraction grating 2, the incidence positions 8 and 9 of the diffraction beams 5 and 6 are 

7 
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unchanged. If the range of illumination is larger than the diffraction grating 2, they shift in the direction of ro- 
tational deviation Wj detection by the same amount Sy'. The rotational deviation Wz detected is expressed by: 

5 = {Sjj+Sy'-(S.^+Sy'))/(2R) 

= (Sn-S.n)/(2R) 

Thus, it does not result in a rotational deviation detection error. 

10 

Case C: A case where the object 1 deviates in the Z direction by z': 

Independently of the size of the projected beam 3 and the diffraction grating 2. the incidence points 8 and 
9 of the diffraction beams 5 and 6 displace in the deviation Wz detecting direction by an amount Sz proportional 
15 to z*. The rotational deviation detected is expressed by: 

Wz = CSjj+Sg'-XS.y^+S^' ))/(2R) 
= (S„-S.n)/(2R) 

Thus, it does not contribute a deviation measurement error. 
Next, the effect of tilt of the object 1 will be explained. 

25 Case D: A case where there it a tilt Wx' corresponding to rotation about the X axis: 

Independently of the size of the projected beam 3 and the diffraction grating 2, the incidence points 8 and 
9 of the diffraction beams 5 and 6 shift in the deviation Wz detecting direction by an amount Sw^' proportional 
to Wx'. 

30 The rotational deviation detected is expressed as: 

= {Sj,+Sw^'-(S_n+Sw3^')}/(2R) 
= (S„-S.^)/(2R) 

Thus, it does not lead to a deviation measurement error. 

Case E: A case where there is a tilt Wy' corresponding to rotation about Y axis: 

40 

Independently of the size of the projected beam 3 and the diffraction grating 2. the incidence positions 8 
and 9 of the diffraction beams 5 and 6 shift in a direction perpendicular to the deviation detecting direction 
by the same amount. Since it is in a direction orthogonal to the rotational deviation Wz detecting direction, it 
does not end in a measurement error. 

45 In the cases described above, the rotational deviation w z is determined on the basis of the anrK>unt of dis- 

placement of the incidence positions of pKisitive and negative n-th order diffraction lights from a reference line 
on the imaginary plane. It is to be noted that on this imaginary plane there are incidence of diffraction lights 
of other orders, the incidence points being arrayed along a straight line with spacings as determined by the 
pitch of the pattern, as best seen in Figure 5B. Therefore, even without using the positive and negative n-th 

so order diffraction lights, the rotational deviation Wz can be detected by detecting the amount of displacement 
of the incidence positions of at least two diffraction lights, on the straight line, from the reference line, this 
being readily understood from Rgure 5B. 

Figure 6 is a schematic view of a main portion of a first embodiment of the present invention, wherein the 
rotational deviation detecting system according to the invention is applied to a sample evaluating device. 

55 in this emt)odiment, a sample 1 (such as a wafer or an object) is placed on a sample table 10 having a 

rotatable stage, and an evaluation means 20 of a microscope system is used for evaluation. 

Denoted in Figure 6 at 2 is a diffraction grating provided on the sample 1 . Denoted at 1 1 is a rotation control 
system for the sample stage 10. denoted at 12 is a Y stage for moving the sample table in the Y direction, de- 
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noted at 13 Is a control system for the Y stage 12, and denoted at 14 is an X stagefor moving the sample stage 
in the X direction. Denoted at 1 5 is a control system for the X stage 14. 

Denoted at 16 is a light projecting means of a rotational deviation detecting system, and denoted at 17 
and 18 each is a detecting means (light receiving means) for detecting the position of incidence of light (dif- 
5 fraction light). Denoted at 19 is a computing means for computing a rotational deviation of the sample 1 on 
the basis of signals from the detecting means 17 and 18, and for signaling the rotational deviation to the rotation 
control system 11. 

Referring to the flow chart of Figure 7, the sequence of successive evaluations for small zones of the san>- 
ple, placed on the sample 1 . through the evaluation means 20, in the structure described at>ove, will be ex- 
10 plained. 

Initially, as shown in Figure 6, the reference with respect to the rotational direction is brought into alignment 
with the stage moving direction X (only one operation being required at the time of assembling, by using a mi- 
croscope system 20, for example). 

Then, the sample Is placed and set on the sample table 14. Here, a rotational deviation w^ along the plane 
IS of sample 1 may present in dependence upon a setting error. This rotational deviation w^ is to be evaluated 
by using the rotational deviation detecting system to be described. Light beam 13 emanating from the light 
projecting means 16 is projected onto the sample 1 through a condensing lens 40. 

Subsequently, the sample stage 10 Is moved by the stages 12 and 14 so that the light beam 3 irradiates 
the diffraction grating 2 provided on the sample 1. Rough alignment of the projected beam 3 and the diffraction 
20 grating 2 may be sufficient, and usually the stages 12 and 14 may be moved to predetermined positions with 
the setting error excluded. 

Fine adjustment may not be necessary. However. It may be done by using the light quantity as detected 
by the detecting means 17 and 18 or by using an observation system of the microscope system 20. 

The projected beam 3 is then diffracted by the diffraction grating 2. whereby diffraction lights of m-th order 
25 (m is an integer) are produced. Among these lights, the incidence positions 8' and 9* of positive and negative 
n-th order diffraction lights 5* and 6*, having the same absolute values but having different signs, upon the 
surfaces of the detecting means 17 and 18 are to be detected. 

The detecting means 17 and 18 each comprises a light position detecting sensor (e.g., a two-division sen- 
sor or a PSD), and each serves to produce an electric signal corresponding to the position of incidence of the 
30 light beam. Here, the computing means 19 calculates the difference Sp (S.n) between the reference position 
8 (9) for the impingement of light beam to the detecting means 17 (18) and the incidence positions 8' (9*) of 
the positive (negative) n-th order diffraction light 5* (6') upon the detecting means 17 (18) surface. 

From the differences Sn and S.n as calculated by the computing means 19, the amount of correction of 
rotational deviation is determined In accordance with the following equation: 

35 W, = (Sn-S. ny(2R) 

A value corresponding to the thus detected rotational deviation is signaled to the rotation control system 11. 
In response to the value applied, the rotation control system 11 rotatlonally nnove the sample table 11 to correct 
the rotational deviation of the sample 1. 

In this manner, the rotational deviation of the sample is corrected. After this, the stages 12 and 14 operate 
40 to set the sample 1 so that a zone of the sample 1 to be evaluated is positioned at the evaluation station of 
the evaluating means 20. Upon completion of evaluation to the whole of the sample 1 , the evaluation-completed 
sample 1 is replaced by a next sample, and the evaluation operation is repeated in the sequence as described 
above. 

In this embodinr^nt the diffraction grating 2 may have a pitch of 2 microns while the projected light 3 may 
45 be of a wavelength of 830 nm. and positive and negative second order diffraction lights may be received. The 
he diffraction angles may be ±56 (deg.). The distance L to the evaluating surface of the light receiving system 
may be L = 74.2 rmx. The detection sensitivity for rotational deviation Wz (rotational angle per 1 micron on the 
sensor surface) If R = 1 1 0 mm, may be: 

^ w^' = 1/(2x110x10^) 

= 4.5x10'"^ (rad) 



Thus, rotational deviation detection of an order of seconds is attainable. 

It is to be noted here that the projected beam 3, the diffraction grating 2 and the detecting means 17 and 
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18 may preferably be placed in the following imaging relationship. 

The beam 3 projected from the light projecting means 1 6 generally has an intensity distribution of a Gaus- 
sian shape, and the shape of the beam as it is oollected by the lens system 40 is given as follows: 

If the beam diameter at the beam waist position is denoted by Wq, the coordinate in the advancement di- 
5 rection of the light (deviation from the beam waist) Is denoted by u, and the wavelength Is denoted by X, then 
the beam radius W at the position u is expressed by: 

W = WoI1 + (Xu/nWo2)2]i'2 
If the diffraction grating 2 can be made sufficiently large, the light position detecting sensors 17 and 18 
may preferably be disposed at the beam waist position as shown in Figure 8 so as to minimize the beam di- 
10 ameter upon the sensor surface. In that occasion, if the distance between the grating 2 and the beam waist 
is denoted by f i and the beam waist radius is denoted by W21. the beam radius upon the grating 2 surface 
is given by: 

W„ = W2i[1 + a('i/jiW2i2)21i« 
In this embodiment, the actual distance from the grating 2 to the light position detecting sensor 17 (18) Is 
IS ft = 74-2 mm. If the beam waist radius W21 = 100 microns, then Wn = 364 microns. 

In a case where the diffraction grating 2 can not be made so large due to the size of the article or for any 
other reason, the diffraction grating 2 may preferably be disposed at the beam waist position as shown in Figure 
9, and the distance (2 to the light position detecting sensors 17 and 18 may preferably be set suitably so that 
the beam on the sensor surface does not expand largely (beyond the detection range on the sensor surface). 
20 In that occasion, the beam radius W22 upon the sensor surface is given by: 

W22 = W12II + (>.f2/^cWi22)2]i« 
In a case where the diffraction grating 2 can not be made so large while, on the other hand, the beam 
diameter at the light position detecting sensor 17 (18) is desired to be not so large, an intermediate state be- 
tween the Figure 8 case and the Figure 9 case, namely, the dispositton shown in Figure 10 may be desirable: 
25 in which the beam waist position is set between the diffraction grating 2 and the light position detecting sensor 
17(18). 

Figure 11 shows an example wherein relay lens systems 42 and 43 are added to the detection system of 
Figure 6. The imaging relationship is such as shown in Figure 12, wherein the light position detecting sensor 
surface in the imaging relation shown in Figure 8 is shifted to an optically conjugate position by means of the 
30 relay lens system 42 or 43. The relay lens system provides unit magnification imaging, and thus the sensitivity 
to rotational deviation as well as the beam diameter on the sensor surface are equivalent to those of the Figure 
8 case. 

Figures 13 and 14 each shows an example wherein a diffraction grating 12 is provided on a sample plate 
1 , in place of the sample 1. In Figure 13, the diffraction grating 2 is disposed at a location spaced away from 
35 the position 41 where the sample is to be placed. In Figure 14, the diffraction grating 12 is in the same region 
as the position where the sample is to be placed. In this case, the diffraction grating 2 comprises a mesh-like 
pattern. The region in which the sample is to be placed may be formed with mesh, so that it functions also as 
a grating for rotation detection. 

Figure 15 is a schematic view of a main portion of a second embodiment of the present invention, wherein 
40 a rotational deviation detecting system of the present invention is applied to a sample evaluation device. 

This embodiment differs from the first embodiment of Figure 6 in that reference marks 21 and 22 for ro- 
tational deviation are provided on the sample table 10. The remaining portion has sut)stantially the same struc- 
ture as of the first embodiment. 

In this embodiment at the initial setting step of the flow chart of Figure 7, through the stage movement 
45 for the sample table 1 in the X direction, alignment of the direction connecting the rotational deviation reference 
marks 21 and 22 with the stage movement direction is accomplished. Thereafter, a light beam is projected to 
one of the reference marks 21 and 22, and the incidence positions 8 and 9 of diffraction lights produced from 
that reference mark and impinging on the detection systems 17 and 18 are taken as the reference. 

Each reference mark 21 or 22 comprises a diffraction grating of a pitch of 2 microns, the same pitch as 
50 the rotation evaluating diff ractk)n grating 2. The level of each reference mark 21 or 22 is set substantially at 
the same height as the diffraction grating on the sample 1 . 

Figure 16 is a schematic view of a main portion of a third embodiment of the present invention, wherein a 
rotattonal deviation detecting system of the present invention is applied to a semiconductor device manufac- 
turing exposure apparatus. 

55 Specifically, this embodiment is applied to evaluatton of chip rotation in an exposure apparatus, and the 

light projecting and receiving system, the sample holding system, and the computing or other operating system 
are substantially of the same structure as of the first emt>odiment Figure 1 7 is a flow chart of the operation 
to be made in this embodiment 
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As seen from the flow chart of Figure 17. this embodiment does not need initial setting. Sample 1 has 
plural zones (shots), three (A, B and C) in the illustration of Figure 17, which have been defined by an exposure 
apparatus, not shown. Each zone has a diffraction grating 2A. 2B or 2C formed through a corresponding ex- 
posure process. These diffraction gratings 2A. 28 and 2C have the same pitch of 2 microns. 
5 The sample is first set on the sample stage 10, and the stages 12 and 14 are then moved so that the dif- 

fraction grating 2A (zone A) comes to the rotational deviation evaluating station. 

Light beam 3 from the light projecting means 16 is collected by a condensing lens 40 onto the diffraction 
grating 2A. and It is diffracted thereby. Positive and negative n-th order diffraction lights caused thereby di- 
rected to the detecting means 17 and 18. and they are projected at positions 8Aand 9Aupon the surfaces of 
10 the detecting means 17 and 18, respectively. 

In the first time zone (shot) detection, the detected positions are stored into the computing means 19. In 
the second time detection and in each of succeeding detecting operations, a deviation Wzb with respect to the 
first time detected position is calculated. It is then converted into a relative rotational deviation angle frorn the 
zone (shot) A, and Is memorized. The rotational deviation Wzb is given by: 

IS Wzb = (S„B-S. nB)/(2R) 

When the rotational deviation measurements to all the shots (zones) are completed, the obtained relative 
rotational deviations are combined to determine the chip rotation. The sample Is then replaced by a next sam- 
ple, and similar measurement operation is repeated. - _. 

Figure 18 shows an example of integrated circuit, that is. a unit cell type MOS-LSI source drain diffusion 
20 pattern arrangement. As will be readily understood from this drawing, the wiring pattern has a periodic struc- 
ture. It Is possible to detect a rotational component by projecting a light beam onto such circuit pattern having 
periodicity and by detecting the positions of incidence of positive and negative n-th order diffraction lights. 

Figure 19 shows another example of integrated circuit, that Is. a high voltage transistor with an increased 
number of emitters having a stripe-like structure. Denoted In the drawing at E is an emitter, denoted at Ba is 
25 a base, and denoted at Co is a collector. Even with such dot-like grating, provided that it has a periodic struc- 
ture, there occur positive and negative n-th order diffraction lights conresponding to its periodicity. Thus, they 
can be used to detect the rotational component. 

Figures 20 and 21 are schematic views, each for explaining an example of structure for the light position 
detecting sensor 17, suitable for detecting diffraction lights from such a circuit pattern and thus for detecting 
30 rotational component 

Illustrated in Figure 21 is an array of one-dimensional sensors. In accordance with the periodicity of a circuit 
used, those of the sensors to be used for light reception are selected. Light position detecting sensor means 
18 has a similar structure, and suitable sensors are selected to receive diffraction lights. 

Figure 21 shows an array of two-dtmensk>nal sensors. Detection is made on the basis of the beam position 
35 In the S direction and in the t direction, according to the periodicity of a circuit used. The light position detecting 
sensor means 18 has a similar structure to produce a similar signal, and the rotational deviation is detected 
from the two signals. 

Figures 22 and 23 are schematic views of a main portk>n of a fourth embodiment of the present Invention, 
wherein a rotational deviation detecting system of the present invention is applied to a semiconductor device 
40 manufacturing exposure apparatus. 

Specifically, this embodiment is applied to mask 9 alignment in an exposure apparatus. 
Figure 22 is a schematic side view, as seen from the exposure side, and Figure 23 Is a schematic sectional 
view, the sheet containing the exposure axis. In Figures 22 and 23, denoted at 23 is a mask, denoted at 24 is 
an integrated circuit pattern on the mask, and denoted at 25 Is a mark for mask alignment Denoted at 27 is a 
45 mask holder for holding the mask 25, denoted at 26 is a mask 0 rotation stage, and denoted at 28 is a wafer 
onto which the pattisrn of the mask 24 Is to be transferred. Denoted at 29 is a wafer holder and stage, and 
denoted at 30 is a mask-and-wafer position control device for controlling the positions of the mask 25 and the 
. wafer 28. 

Denoted at 31 is a light projecting system of a mask 9 rotation detecting system. It serves to project light 
50 on the mask alignment mark 25. Denoted at 32 and 33 are detecting means, respectively, for receiving positive 
and negath^e n-th order diffraction lights. Denoted at 34 Is a computing means for calculating the mask 0 de- 
viation. 

The mask 8 alignment operation in a semiconductor exposure apparatus is such an operation that in step- 
and-repeat exposures wherein an Integrated circuit pattern of a mask is printed on a zone (shot) of a wafer 
55 and, thereafter, the wafer is moved stepwise to the position for exposure of a next zone (shot), this being done 
repeatedly for all the zones (shots), the mask 9 alignment Is done to attain alignment of the wafer movement 
direction with the rotational direction, along the surface, of the integrated circuit In each zone (shot) to thereby 
Increase the area efficiency; and also it Is done to increase the printing efficiency in superposed printing using 
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many masks. 

Figure 24 shows an ordinary exposure sequence. First, a mask is set, and then the mask 9 alignment is 
done. In this alignment operation, the mask rotation is positioned with respect to a predetermined position with- 
in the exposure apparatus. 

5 Sut>sequently, a wafer is loaded and wafer alignment operation is done with respect to a particular shot, 

the exposure operation being done in response to completion of the wafer alignment operation. Then, while 
changing the wafer position, the exposures are repeated. After all the shots (zones) of the wafer are exposed, 
the wafer is replaced by another, and similar operations are made repeatedly. If the exposure operations using 
one and the same are completed, each wafer is then subjected to processes such as a developing process, 

10 for example. The mask having been used is then replaced by another, and the operations stated with the mask 
setting operation are repeated. 

Now, the mask 0 alignment system will be explained. 

Light 35 emitted by light projecting means 31 Irradiates a diffraction grating 25 provided on the mask 23. 
In response, positive and negative n-th order diffraction lights 36 and 37 are produced by the diffraction grating 

IS 25. These diffraction lights are directed to the detecting means 32 and 33. Then, the Incidence positions 38 
and 39 of the diffraction lights 36 and 37 upon the surfaces of the detecting means 32 and 33 are detected. 
The information related to the incidence positions 38 and 39 as detected by the detecting means 32 and 33, 
is transformed into corresponding electric signals. The computing means 34 then calculates the rotational an- 
gle by using the lnfonmatk>n, now transformed into electric signals; and it producesa nUaske rotational deviation 

20 signal. 

Then, the mask and wafer position control device 30 drives the mask stage 26 so as to reduce the thus 
detected mask 8 rotational deviatton angle to a value not larger than a predetermined tolerance. 

in a particular example, the diffraction grating 25 of the mask 23 had a pitch of 2 microns, the distance L 
to the evaluating surface of the light receiving system was L = 148 mm, and it had a size of 1000x1000 (micron). 
25 The light projected by the light projecting means 31 had a wavelength X of 830 nm, and the system was set to 
receive positive and negative second order diffraction lights. 

The R determining the sensitivity was 220 mm. The result is: 

^ Wjj' = 1/(2 X 220 X 10^) 

= 2.3 X 10"*^ (rad) 
= 0.25 {") 

35 . 

Thus, rotational deviatton detection of a sut>-second order is possible, and high precisk>n alignment is attain- 
able. 

In the rotational deviation detecting systems of the first to fourth embodiments described above, a dif- 
fracton grating is provided on an object to be subjected to the rotational deviation measurement. Light beam 
40 is projected onto this diff ractton grating, and a difference, in motion along a predetenmined direction, between 
positive and negative n-th order diffraction lights (n is an integer) among those diffraction lights as produced 
by the diffraction grating, is detected. This ensures high precision detection of rotational deviation, of an order 
not larger than second, independently of the position of center of rotatton or of any setting deviation. 

Figures 25 and 26 are schematic views, respectively, of a main portion of a fifth embodiment of the present 
45 invention. 

Figure 25 illustrates an optical arrangement as a whole, and Figure 26 illustrates a hologram in an enlarged 
view. Specifically, this embodiment is applied to a Tweiman-Green interferometer for aspherical surface in- 
spection, using a computer hologram. 

Light beam from a laser 80 is expanded by lenses 81a and 81b, and it is divided by a beam splitter 83. 
50 One of the divided beanr^ passes the beam splitter and. thereafter. It goes through another beam splitter 84. 
Then, it Is once collected by a lens 85 and, in the divergent form, it is directed to a surface 86 to be examined. 
It is reflected by this surface 86, and it goes again through the lens 85 and is reflected by the beam splitter 
84. Then, it is collected by a lens 89. 

The other beam divided by the beam splitter 83 is reflected thereby, and it goes via mirrors 87 and 88 so 
55 that It is projected on a hologram pattern portbn 45 of a hologram 44. Reference wavefront as produced th^eby 
goes through the beam splitter 84 and is collected by the lens 89. Then, any unwanted portion of it is removed 
by a spatial filter 90. Subsequently, it is directed onto an observation surface 91 together with the beam from 
the surface to be examined, whereby interference fringe is produced. 
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This system may suitably be used for evaluation of an aspheric surfece having a relatively large aspheric 
quantity. 

In setting the hologram 44 for evaluation, rotation of hologram is a problem. Thus, precise detection of 
rotational quantity is necessary. 
5 In this embodinrtent, as shown in Figure 22, a diffraction grating 2 for rotation detection is providied in the 

hologram 44 to assure precision of hologram setting. 

The rotation detecting system Is arranged so that, through the lenses 40a and 40b, the light beam from 
the light source 16 is projected onto the diffraction grating 2, and that positive and negative n-th order diffrac- 
tion lights produced are detected by light position detecting sensors 17 and 18. The principle of detection of 
10 rotational quantity is the same as that of the first embodiment. 

Figures 28 and 30 are schematic views, respectively, of a main portion of a sixth embodiment of the present 
invention. Specifically, this embodiment is applied to the filtering based on Fourier transformation hologram, 
and it can be applied to the image processing or matched filtering. 

In Fourier transformation holography, U, V and W are given by Fourier transformation of objects u, v and 
15 w. Also, output image r(X|,yi) of filtering corresponds to Fourier transformation of filter transmission light T(x,y). 
That is: 

20 - i?ru*iii-i.ir.ui^ Iitl2^ i„i 2^ 



25 



45 



so 



= F[koW+kiW( |U|^+ |vl-^)]-|.F[k;^WUV*] 



The second and third terms defines positive and negative first order output images r^i and r.i, and if if and 
* are assigned as the symbols of interrelation and convolution, then the following relations are present 

r,i(x„ yi) = FDciWU • V] = const.{(u * * w) • v} 
r-i(x„ y.) = F[kiWUV * ] = const-{u ♦ (w v * )} 
where r^^ represents, the convolution of v and the interrelation between u* and w, and r_i represents the con- 
volution of u and the interrelation between v* and w. 
30 If, in a special case, as shown in Figure 27, u is a reference point light source on the axis, and the object 

V is around the point spaced by b in the Xq direction, then: 
u(xo.yo) = S(xo,yo) 
v'(xo.yo) = v(xo-b,yo) 
U(x,y) = 1 
35 V(x,y) = V(x,y)exp(-ibx) 

The amplitude transmisslvity of hologram is: 

T(x,y) = ko + ki + kilv|2 + Vexp( - ibx ) + k^V * exp(ibx) 
This is the Fourier transformation hologram of the object V. In the filtering, this hologram is used as a filter, 
and w is given on the axis as an input object Then, the positive and negative output images of the hologram 
40 are the convolution of w and v and interrelation of w and v*. 



= const- {w(Xi,yi)*v(Xi-b,yi)} 
= const-{w(Xi,yi)*v*(x^+t),yi)} 



Thus, if w and v are the same, autocolllmation and self-convolution of v are obtainable on the output image 
plane. Therefore, it can be applied to image processing or matched filtering. 
55 In this occasion, the hologram 44 setting precision should be high. Particularly, it must be set without ro- 

tational enror. 

In this embodiment, as shown in Figure 28, a rotation detecting system (16, 17, 18) is provided in a similar 
manner as in the first emt)odiment 
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Light beam from a light source 1 6 is directly projected onto the hologram 44, and resultant diffraction lights 
are detected by light position sensors 17 and 18. 

As best seen in Figure 29, the hologram 44 is defined by small rectangular openings arrayed periodically 
into a matrbc structure. Each of divided regions of matrix, i.e., each cell, is arranged so that the amplitude and 

5 phase of each cell correspond to the size of the window and the distance e of the window from the cell center. 
In the example of Figure 29, with respect to the longitudinal (up and down) direction, the cells are defined by 
rectangular openings of regular pitch. Thus, positive and negative diffraction lights may be produced with dif- 
f ractbn angles corresponding to this periodicity, and they may be detected, by which the rotational angle can 
be detected. The principle of detection itself is the same as that of the first embodiment. 

10 It is possible to set the hologram 44 without rotation error, by correcting the hologram through a rotation 

control system (not shown) on the basis of the detected rotational deviation. 

Figure 31 Is a schematic view of a main portion of a rotational deviation detecting system according to a 
seventh embodiment of the present invention. Specifically, this embodiment is applied to high precision de- 
tection of a relative positional deviation between two diffraction gratings, as printed on a wafer through twice 

15 exposure operations, for relative alignment of a mask and the wafer. 

In Figure 31, an X stage 233, a Y stage 234 and a e stage 235 are mounted on a base 231. A wafer 238 

is placed on the e stage 235. Registration error measuring marks are formed on the wafer 236, wherein each 
mark comprises a set of two adjacent diffraction gratings 253 and 254 such as illustrated in Figure 32. There 
is a second base 232 above the base 231 , and an optical system 238 for measuring misregistratton Is mounted 

20 on the this base 232. 

Figure 33 is a schematic view of pwDSitional deviation detecting means of the optical system 238 of Figure 
31. In the example of Figure 33, the optical system 238 is provided by elements other than a phase difference 
meter 262 and a computing element 263. 

In Figure 33, there are a mirror 251, a collimator lens 252 and a prism 227 which are disposed along the 

25 direction of emission of light from a light source 250 which comprises a two-wavelength linear polarization laser. 
Awafer 255 having two diffraction gratings 253 and 254 such as shown in Figure 28, Is disposed in the direction 
of emission from the prism 227. On the other hand, a mirror 256, a lens 257, a Glan-Thompson prism 258, an 
edge mirror 259 (having a glass portton 259a and a mirror portion 259b such as shown in Figure 30), a lens 
260, and a photodetector 261 are disposed in the direction of reflection of light from the wafer 255. The output 

30 of the photodetector 261 is connected to the phase difference meter 262 and to the computing element 263. 
Further, a lens 264 and a photodetector 265 are disposed in the direction of reflection from the edge mirror 
259, and the output of the photodetector 259 is connected to the phase difference meter 262. 

S-polarized light of a frequency f1, emitted from the light source 50 (two-wavelength linear polarization 
laser), and P-polarized light of a frequency f2 from the same light source, are reflected by the mirror 251 and 

35 are projected onto the prism 227 by way of the collimator lens 252. 

The S-polarized light of frequency f1 is reflected by a polarization t>eam splitter portion 227a of the prism 
227, while S-polarized light of frequency f2 is transmitted by the prism, and then they are reflected by reflecting 
portions 227b and 227c respectively. Then, they go out of the prism 227 and impinge on the diffraction gratings 
253 and 254. In response, the lights are diffracted by the diffraction gratings 253 and 254, whereby diffraction 

40 lights are produced. 

The diffraction gratings 253 and 254 of the wafer 255 comprise two adjoining straight diffraction gratings 
of regular spacing, having been formed on the wafer 255 through separate printing operations. They have the 
same pitch of p. 

As shown in Figure 32. the diffraction gratings 253 and 254 have a relative positional deviation Ax in the 
45 X direction, produced by the printing. Here, the complex amplitude representatton of positive first order dif- 
f ractbn light Ea(f1) of the left side incidence light of frequency fl and that of negative first order diffraction 
light Ea(f2) of the right side incidence light of frequency f2, both caused by the diffraction grating 253, are gh^en 
by equations (21) and (22) below: 

Ea(f 1 ) = Aexp{i(wit + <t)i + i|>a)} (21 ) 
so Ea(f2) = Bexp{i(w2t + +2 - *a)} (22) 

where A and B are amplitudes, Wi and W2 are angular frequencies, and and <t>2 are initial phases of lights as 
emitted by the light source 250, wherein <f)a - 2nxa/p and xa represents the amount of deviation of the diffrac- 
tion grating 253 in the X direction from a reference phase. 

Also, the complex amplitude representation of first order diffraction light Eb(f1) of the left side incidence 
55 light of frequency f1 and that of negative first ord^ diffraction light Eb(f2) of frequency f2 of the right side in- 
cidence light, both caused by the diffraction grating 254, are given by equations (23) and (24) below: 

Eb(f 1 ) = Aexp{i(wit + <|>i + <1>5)} (23) 
Eb(f2) = Bexp{i(w2t + <fe • (24) 
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where <t>b - 2nxb/p and xb represents the amount of deviatbn of the diffraction grating 254 in the X direction 
from the reference position. 

The lights diffracted by the diffraction gratings 253 and 254 are reflected by the mirror 256, and they go 
through the lens 257 and the Glan-Thompson prism 258. By this prism 258, the polarization planes of the dif- 
5 fraction lights are registered, and they interfere with each other. Light intensity changes la and lb of the re- 
spective heterodyne interference lights Ea(f 1) and Ea(f2). and Eb(f 1) and Eb(f2), namely, the beat signals, are 
given by equations (25) and (26) below: 

la = A2 + B2 + 2A.Bcos{(Wi - wjt + (4)i - + 2^a} (25) 
lb = A2 + B2 + 2A.Bcos{(Wi - W2)t + (<t>i - <t>2) + 2<t)b} (26) 
10 Separation of the two diffraction lights may be done as follows: That is, since the two diffraction lights 

are spatially separated from each other minutely, the edge mirror 259 may be so set that the t>oundary line Ta 
between the glass portion 259a and the mirror portion 259b is placed at the middle of the diffraction lights 
from the two diffraction gratings 253 and 254. By doing so, the diffraction light from the diffraction grating 

253 may be reflected by the edge mirror 259 and directed to the photodetector 265 through the lens 264; while, 
15 on the other hand, the diffraction light from the other diffraction grating 254 may be transmitted through the 

edge nriirror 259 and directed to the photodetector 261 through the lens 260. 

The beat signals as detected by the photodetectors 265 and 261 are applied to the phase difference meter 
262 by which a phase difference between them Is detected. If the phase difference is denoted by A^, it is ex- 
pressed by equation (27) below: 

20 

A0 = 2(0a -05) 

= 47l(xa-xb)/p ...(27) 

25 

Namely, the relative positional deviation Ax between the diffraction gratings 253 and 254 in the X direction 
can be expressed by equation (28) below: 

3^ Ax = xa - Xb 

= L0*p/47C . . . (28 ) 

Thus, by applying the output A4> of the phase difference meter 262 to the computing means 263 to make 
35 calculation in accordance with equation (28), the relative deviation between the diffraction gratings 253 and 

254 can be determined. . 

By detecting deviation between a grating pattern printed by first time printing and a grating pattern printed 
by second time printing, it Is possible to detect the alignment precision of a semiconductor exposure apparatus, 
that is, to detect the deviation between actual device patterns as printed through the first and second printing 
40 operations. 

Figure 35 is a schematic view of a rotation correcting means of the optical system 238 of Figure 31 . This 
embodiment differs from the first embodiment of Figure 6 In that the diffraction grating 2 of the wafer comprises 
(as a misregistration detecting pattern) a diffraction grating 2a as printed on the wafer through the n-th ex- 
posure process and a diffraction grating 2b as printed on the wafer through the (n-t'l)-th exposure process, 
45 and that the microscope system 20 is omitted white on the other hand an image processing alignment system 
225 having an image pickup means, a TV monitor 226 and a system control means 300 are added. The re- 
maining portion is of the same structure as of the first embodiment. 

The flow of operation in this embodiment from setting the wafer 1 on the sample table 1 0 to detection and 
correction of rotational deviation, as well as the structure of the measuring system are essentially the same 
50 as those of the first embodiment 

In this emt>odiment, as an Important feature, image processing method is used as evaluation of registration 
enror. By means of the image processing alignment system 225. the diffraction grating patterns 2a and 2b for 
misregistration detection are imaged on the light receiving surface as images 2a' and 2b'. They are converted 
into iniage signals, and these signals are applied to the system control means 300. 
55 The system control means 300 then perfomns the Image processing to detect the center positions, with 

respect to the X direction, of the diffraction grating pattern images 2a' and 2b', respectively. Then, a difference 
Ax between them is detected to thereby determine the registration error. 

For detection of the center position of each of the diffraction grating pattern images 2a' and 2b', the pos- 

15 



NSOCX;iD: <EP ^0652487AlJ_> 



EP 0 652 487 A1 



ition of each diffraction grating element is detected while excluding those grating elements which are at the 
opposite ends of each diffraction grating. Then, a deviation of each grating element from a corresponding ref- 
erence is detected, and the thus detected deviations are averaged. 

In the fifth embodiment of the present invention as described above, a light beam is projected on a dif- 
fraction grating pattern on a wafer, and beam positions of positive and negative n-th order diffraction lights 
(n is an Integer), of the diffraction lights produced thereby, impinging on a predetermined plane, are detected. 
The amount of rotation along the surfece Is thereby detected, and control is done to correct the rotational de- 
viation. After this, registration error is measured. 

In this manner, any rotational deviation along the surface is removed and, thereafter, any misregistration 
Is measured at high precision. Further, the misregistration measuring pattern Itself is used without addition of 
a specific pattern for confection of rotation. Thus, the pattern region vtrtiich is very narrow can be used effi- 
ciently. 

While the invention has been described with reference to the structures disclosed herein, it Is not confined 
to the details set forth and this application Is intended to cover such modifications or changes as may come 
within the purposes of the Iniprovements or the scope of the following claims. 



Claims 

1. A deviation detecting system for detecting a rotational deviation of an object, said system comprising: 

a pattern formed on the object and having a periodicity; 
a light source for providing light; 

detecting means for projecting the light from said light source onto the pattern and for detecting 
at least two diffraction lights from the pattern with a predetermined detection plane; and 

determining means for determining a rotational deviation of the object with respect to a predeter- 
mined axis, on the basis of the positions of incidence of the diffraction lights upon the detection plane as 
detected through the detection by said detecting meians. 

2. A system according to Claim 1 , wherein the pattern compriseis a diffraction grating. 

3. A system according to Claim 1 , wherein the pattern comprises a circuit pattern. 

4. A system according to Claim 1 , wherein said at least two diffraction lights have difference diffraction or- 
ders. 

5. A system according to Claim 4, wherein the diffraction orders of said at least two diffraction lights have 
the same absolute value. 

6. A system according to Claim 1, wherein said light source comprises a laser. 

7. A system according to Claim 6, further comprising a optical system provided in a path of light from said 
laser to said detecting means, wherein said optical system serves to image a beam waist of said laser 
on said predetermined detection plane. 

8. A system according to Claim 1, further comprising a rotatable holder for holding the object and control 
means for rotating said holder on the basis of the rotational deviation determined by said determining 
means. 

9. A deviation detecting system for detecting a positional deviation between first and second diffraction grat- 
ings provided on an object, said system comprising: 

a rotatable table for holding the object; 
a light source for providing light; 

first detecting means for projecting the light from said light source onto at least one of the first and 
second diffraction gratings and for detecting at least two diffraction lights from said at least one diffrac- 
tion grating with a predetermined detection plane; 

determining means for detennining a rotational deviation of the object with respect to a predeter- 
mined axis, on the basis of the positions of incidence of the diffraction lights upon the detection plane as 
detected through the detection by said first detecting means; 

second detecting means for detecting information related to positional deviation between the first 
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and second diffraction gratings; and 

control means for rotating said holder on the basis of the rotational deviation determined by said 
detemilning means, said control means further being operable to subsequently cause said second de- 
tecting means to detect information related to the positional deviation between the first and second dif- 
fraction gratings. 

A system according to Claim 9, wherein said second detecting means includes (i) illuminating means for 
projecting first and second lights from said light source onto the first and second diffraction gratings along 
different directions, (ii) first signal detecting means for detecting a first interference light signal based on 
combination of diffraction light of the first light and diffraction light of the second light, both from the first 
diffraction grating, (ill) second signal detecting means for detecting a second interference light signal 
based on combination of diffraction light of the first light and diffraction light of the second light, both from 
the second diffraction grating, (Iv) phase difference detecting means for detecting a phase difference be- 
tween the first and second interference signals, and (v) deviation determining means for determining a 
relative positional deviation between the first and second diffraction gratings on the basis of the phase 
difference detected by said phase difference detecting means. 

A rnethod of detecting a rotational deviation of an object, comprising the steps of: 
providing a pattern having periodicity on an object; 
projecting light from a light source onto the pattern; 

detecting at least two diffraction light from the pattern with a predetemiined detection plane; and 
determining a rotational deviation of the object with respect to a predetermined axis, on the basis 
of positions of incidence of the diffraction lights upon the detection plane detected through said detecting 
step. 

A method according to Claim 11, wherein the pattern comprises a diffraction grating. 

13. A method according to Claim 11 . wherein the pattern comprises a circuit pattern. 

14. A method according to Claim 11, wherein said at least two diffraction lights have different diffraction or- 
30 ders. 

1 5. A method according to Claim 14, wherein the diffraction orders of said at least two diffraction lights have 
the same absolute value. 

3S 16. A method according to Claim 1 , wherein the light source comprises a laser. 

17. A method according to Claim 16. further comprising providing an optical system in a path of light from 
the laser to the detection plane, wherein an image of a beam waist of the laser is imaged by the optical 
system on the detection plane. 

^ 18. A method according to Claim 11 , further comprising rotationally moving the object on the basis of the ro- 
tational deviation determined by said determining step. 

19. Adeviation detecting method for detecting a positional deviation between first and second diffraction grat- 
ings provided on an object, said method comprising: 
^ a first detecting step for projecting the light from a light source onto at least one of first and second 

diffraction gratings and for detecting at least two diffraction lights from said at least one diffraction grating 
with a predetermined detection plane; 

a determining step for determining a rotational deviation of the object with respect to a predeter- 
mined axis, on the basis of the positions of incidence of the diffraction lights upon the detection plane as 
^ detected through the detection by said first detecting step; 

a second detecting step for detecting information related to positional deviation between the first 
and second diffraction gratings; and 

a control step for rotetionally moving the object on the basis of the rotational deviation determined 
by said determining step, said control step further including subsequently detecting, through said second 
^ detecting step, information related to the positional deviation between the first and second diffraction 

gratings. 
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20. A method according to Claim 19. wherein said second detecting step includes (I) an illuminating step for 
projecting first and second lights from the light source onto the first and second diffraction gratings along 
different directions, (ii) a first signal detecting step for detecting a first interference light signal based on 
combination of diffraction light of the first light and diffraction light of the second light, both from the first 
diffraction grating, (ill) a second signal detecting step for detecting a second interference light signal 
based on combination of diffraction light of the first light and diffraction light of the second light, both- 
from the second diffraction grating, (iv) a phase difference detecting step for detecting a phase difference 
between the first and second interference signals, and (v) deviation determining step for determining a 
relative positional deviation between the first and second diffraction gratings on the basis of the phase 
difference detected by said phase difference detecting step. 
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